To examine how the ischemia-reperfusion injury of latissimus dorsi-cutaneous maximus (LDCM) musculocutaneous flap affects the microcirculatory (flap's skin surface) and hemorheological parameters, and whether an intraoperative deterioration would predictively suggest flap failure in the postoperative period.
Introduction
Reconstruction of large defects on the body requires flap surgeries [1] [2] [3] . The method of choice for reconstructive surgery is always depending on the region involved; however the common interest of such procedures is the flap survival rate 1, 4 . Intraoperative and postoperative monitoring of the microcirculation is a reliable tool for assessment of flap viability after an unavoidable ischemiareperfusion (I/R) injury 5, 6 .
Throughout the years many flap monitoring methods had been developed but had not been congruence with each other regarding the best optimal technique 4 . Monitoring is especially important in case of microvascular free flap surgeries 1, 2 . Clinical observation, such as evaluation of color, surface temperature change and capillary refill are essential component of postoperative follow-up, however they are greatly rely on the experience and the judgment of the observer 7 . More objective methods are available for detecting flap complications such as the laser Doppler systems, near infrared spectroscopy, intravital microscopy, orthogonal polarization microscope, transcutaneous pO 2 8-14 . All these may have their advantage or disadvantage 4 .
The laser Doppler flowmetry is known for monitoring microcirculations since 1961, but primary Stern demonstrated it practicability to evaluate the skin's microcirculation in 1975 14 , and since then it has been widely used to study the microcirculation of various tissues and in a clinical setting 15 . The monitoring of microcirculation could be essential, since during an ischemic insult tissue perfusion would be greatly decreased, consecutively causing deterioration in oxygenation, nutritional supply and temperature controlling, especially in the skin 8, 16 . This would lead to necrosis, which would be further aggravated by increased number of inflammatory reaction and free radicals occurring during reperfusion [17] [18] [19] . The process would also worsen the hemorheological characteristics of red blood cells 20 . All together would usher microcirculatory disturbances, which would again lead the hypoperfusion.
In experimental setting, rats are frequently used for flap studies concerning flap's microcirculatory disturbances 11 , events occurring after ischemia 17, 18 , effects of various drugs on flaps' viability 21 and evaluation of surgical safety 22 .
The aims of study was to investigate whether the skin microcirculation correlates on different sites on the flap's surface, and how the I/R injury affects the local microcirculation of the flap together with micro-rheological parameters. We were interested to see, whether an intraoperative deterioration would predictively suggest flap failure in the postoperative monitoring period.
Methods

Experimental animals and operative technique
The experiments were approved and registered by Ten CD rats (bodyweight: 560.6 ± 49.18 g) were subjected to the study. The animals were anesthetized using sodium-thiopental (60 mg/kg Thiopenthal, i.p.). They were in prone position and body temperature was maintained by a heating pad during the procedure. For microsurgical operations a Leica Wild M650 operative microscope was used, and video recordings were made. The animals were randomly divided into two groups.
In Group I, latissimus dorsi -cutaneous maximus musculocutaneous flaps were elevated on the left and right side.
The skin and the cutaneous maximus muscle were cut in an elliptical shape from the posterior axillary line obliquely towards the 7 th thoracic vertebrae. The longitudinal axis of the flap was approximately 6 cm in length. The latissimus dorsi muscle was cut close to its origin between the border of the territory of the dominant pedicle (thoracodorsal artery) and the secondary segmental pedicles. The insertion of the muscle was left intact.
The more prominent vessels were ligated. The left flap was sutured back after two hours, while the right side was reattached to its normal anatomical position after its preparation. During the immobilization, the flaps were placed over a wet surgical gauze swab. First, the latissimus dorsi muscle was sutured with 6/0 absorbable suture material, then simple interrupted stitches were made in the skin with 4/0 thread.
In Group II, the same technique was carried out, but the pedicle of the left flap was clamped atraumatically for 2 hours while the right side was left intact for 2 hours. Suturing of the flap was performed in the same manner as in group I. 
Hemorheological measurements
Blood samplings were done from lateral tail veins and hemorheological examinations (red blood cell aggregation and deformability) were carried out before the surgery and on the 7 th postoperative day under anesthesia before taking the biopsies for histological evaluation.
A Myrenne MA-1 erythrocyte aggregometer (Myrenne GmbH, Germany) was used to measure red blood cell aggregation.
The technique is based on light transmittance method. After . Both micro-rheological parameters are important determinants of the microcirculatory pattern 29, 30 .
Macroscopic and histological examination
In the postoperative period, daily photo documentation was carried out; any change in color and surface temperature (°C)
were recorded. The temperature was measured by placing the probe over the skin.
All animals on postoperative day 7 were anesthetized and samples for histopathological examinations were collected.
Hematoxylin & eosin staining and stain described by Lie et al. 31 were used to detect morphological and ischemic changes in the muscle and to compare the outcome of the different protocols. The hematoxylin -basic fuchsin -picric acid stain is a non-enzymatic histochemical technique demonstrating early damages caused by ischemia in muscle 31 . At the end of the sampling, the animals were euthanized by overdosing of anesthetics.
Statistical analysis
Data are presented as mean (standard deviation 
Results
Macroscopic observation and surface temperature
In Group I, where 2-hour immobilization of the flap on the left and immediate reattachment of the flap on the right were done, we did not observe autophagy and skin necrosis.
In Group II, we observed two cases (I/ Intraoperative temperature changes can be seen in Table   1 . During the intraoperative period, the temperature significantly decreased for the period of the 2-hour immobilization and 2-hour ischemia in Group I and Group II, respectively.
Histological examination
With Hematoxylin and Eosin staining we observed leukocyte infiltration on both side (2-hour ischemia and 2-hour immobilization) in Group II (Figure 1 A and B) . The samples from
Expressly, the latissimus dorsi muscle had significant ischemic injury -marked discoloration in red-in the 2-hour ischemia flap with Lie-staining (Figure 2A) . The right flaps, where 2-hour immobilization was carried out, did not present any sign of ischemia ( Figure 2B ). In the I/R-2 animal the cutaneous maximus muscle had moderate signs of ischemia, while the latissimus dorsi muscle showed more expressed discoloration. Inoue et al. 17 investigated tolerance of skin microcirculation to ischemia and reperfusion injury parallel with increasing age in rat epigastric skin flap model by using laser Doppler flowmetry.
Group
Microcirculation of the flaps
They described that the skin blood flow decreased to 30 to 50% of the baseline following ischemia but never researched 0 %.
We found similar changes in microcirculatory values during the Although in this group we had five animals, statistical conclusion cannot be drawn, but with larger numbers of experimental animals, this phenomenon is needed to be investigated further since it might be a possible predicting factor of flaps' survivability in rat models.
Temperature assessment is also a reliable tool for free flap monitoring. Since it correlates with flap's capillary . Red blood cells aggregation is enhanced under oxidative stress and the aggregates form a cell free layer near the wall, which would promote platelet interaction with the vessel wall. Also the augmented aggregation process leads to increased blood viscosity, which further promote reduced blood flow rate (dominantly due to metabolic and free radical alterations) 31 .
Most likely, the majority of these reactions (metabolic
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Acta Cirúrgica Brasileira -Vol. 30 (8) 2015 -559 disturbance and induction of free radicals) are passed off by the 7 th postoperative day; thereby we did not found any definitive difference on this day. However, the presence of inflammation (leukocyte infiltration) was still visible in the histological examinations, which might caused by systemic effects rather local. These factors may play role in the alteration of aggregation parameters, which differ from the result of previous early reperfusion and early postoperative day investigations.
In our previous study, 1-hour ischemia-reperfusion of a latissimus dorsi muscle flap in the canine resulted in local changes of white blood cells' distribution and increased red blood cell aggregation, and attributed the cause to the induction of local metabolic inflammatory reactions in the first 60 minutes of reperfusion 32 . Furthermore, in various other I/R experimental models (kidney, testicle, small intestine) the red blood cell deformability deteriorated during the ischemic event as well as on the 1 st and 3 rd postoperative days 33 . In our current study, we did not observe significant differences in the hemorheological parameters of the two groups. Still, it is little known about the connection between the local and systemic rheological changes, especially during ischemia-reperfusion 20 .
Conclusions
The 2-hours ischemia and the following reperfusion caused significant deterioration in flaps' microcirculation.
In the prediction of the possible postoperative complication (e.g.: necrosis, thrombosis), the intraoperative laser Doppler measurement may have an important, predictive role.
